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(54) FERROELECTRIC SUBSTANCE ELEMENT AND MANUFACTURE THEREOF 


(57)Abstract: 




PROBLEM TO BE SOLVED: To arbitrarily give a 




lattice distortion so as to have large spontaneous 




polarization and a small resist field, by using a 




ferroelectric substance thin film of perovskite 





structure, and substituting an element of different ion 
radius. 

SOLUTION: A crystal structure of ferroelectric 
substance thin film of stratified structure superposing 
six single lattices of perovskite structure is 
constituted by using an element Bi in site A, element 
Sr in site B and element Ta in site C. That is, by 
combining an element of different ion radius with sites 
A, B constituting a crystal lattice and site C 
generating polarization in the ferroelectric substance 
of perovskite structure, an arbitrary large distortion is 
given to the crystal lattice. As a result, a ferroelectric 
substance thin film having high spontaneous 
polarization and small resist field can be utilized as a 
ferroelectric substance element of structure 
interposed by an electrode. 
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(AO^B.-jCyOa^i) 2 - 



[fti 1 



(ft 1 ) 



A = T1, Hg, Ce, Y, Pr, Nd, Pm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 
B = Bi, Pb, Ca, Sr, Ba<7)'M<HliH 
± 

C=Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
Zr©4<i fclltll 

(AOl^B^j^Oa^,) 2 " 

A= L a , S m 

B = B i , Ca, Sr, B a < £ <b 1 SW± 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
Z r fcfc 1«J&1± 

y = 2, 3, 4, 5 

(P bO) 2+ (B y .!C y O3 

B = Ca, Sr, Ba(D'M<HllHl 
C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
Z r <7»ft< £ t lffiJ^± 
y = 2, 3, 4, 5 

fMMW*, T^SS(-»UT(100) Eft, ifctt (0 1 
0) Eifei«:L-CV>5rt*#a£-f5»9l«(*:*B!. 
[I»**5] »*JSi*»6 3 0v^lx*»fcE*oBEMHI 
T^mH(-*fLT (1 10) Eft^LT^ 
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*#»BS;4S. TSCmffi(-*tLT (001) Efa£LTV> 
5 r. £ SrW*£ 1" 5 

[ii^if 7 ] it #if 1 t>> ?> 3 (d 1 ^-rtiMz&Mwm&m 
mtmm&* T»*«teatL-ccttas4 5° «v*fceisi 

(B i 2 - x A x O z ) 2+ (B y _ 1 C y 0 3y + i) 2 



y = 2, 3, 4, 5 

10 *#-f h^itT-fo 1 ? , ?i^o 
[ft 2] 

- (ft 2) 

[»**3] ±ffl*« £««*«#»« fcttTtt««£& 
[ft3] 

) 2 ~ - (ft 3) 

20 00) Eisu sfcf± (010) $zfav»&mn.ftMm<Dm 

7 0 %«±ffc5: £ 1*5 
[1**9 9] f**9 5|i|2«W|^T^m®i-*ftT (1 
1 0) Ef6l<73»R«{fc»tt«0*-&aS8 0%W-kT?fe-5d 

; t*»ati- « 

[W*JSi 0] ft*:3S6(c|E«o(75^Tlfi5miiic^U-C 
(001) eiS]<z>%ftttft:ftiKff>tt£-£' 7 0 %Jit±r*fo 
Sr£S:«r» £1"5 

[IS^ifl 1] ft>ttrS7(-fS«cW|^T^SS^*i-LTc 
«I75>4 5° ®^7tEft<7)&^ffift^lROi<£-# 9 0%^ 
±T-J>5; £ &«r«£-f 5 
[ShftJSl 2] ±SB*ffi £&»«#»«£ T««ffia»fe 

#f r-flliiT'fot), t5^o 
[ft4] 



(ft 4 ) 



A = T 1 , Hg, S b, As 

B = B i , Pb, Ca, Sr, Ba, Y, ^±^5ci?» 

C=Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
Z r fcfellKl 
0 < x < 2 



(B i 2 _ x P b x 0 2 ) 2+ (8 y - 1 C y 03 y+1 ) 



y = 1 , 2, 3, 4, 5 

3] ±a««£&K*fr*BI£T9Smig£# 
40 1-5aR«*SI?"C?*>oT;, BE^WW^SBtis^oyx 
M*ig-e*>9, t)>o 
[ft5] 
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(ft 5 ) 



B = B i , Pb, Ca, Sr, Ba, Y, #fr±3l7EiiiC0 
£fc 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
Z r £ £> 1 @£>5W±T i , Nb, Ta, W, 

Mo, Co, C r (D'pf£ < £ t, 2 ®J£i± 
0 < x < 2 

y = 1 . 2, 3, 4, 5 
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[»#« 1 4 ] Sft$ig 1 2 £>5v>(i 1 3 IC!S«g<75^3^^ 
tflegflttf. TSl51Hi(c*f LT(IOO) E(6i. ifctt (0 
10) ffi!fijS:Lr^5r£S:i|*»£-f5»»«*»K. 

5] ffsferf 1 2&5I/M41 3 (CfafcOT&SfcgS 
m»Hi£7)\ T»«ffi^AtLT(110) E|6]«r LT^5 

£ £ 1- 5 &ft «# mm . 
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(10 0) &fSh Sfcfi (0 10) IEfaw^®#»ig| 

Slo 

[fi*«i 8] if^jsi 5 izmmcomTummctf lt 

(110) Elfe]W^m»^Of«|-g-^ 8 o%UA±T-fc 

[IfjRiIi 9] ft*iSi 6 lzmm<n&TUW.mztfLX 
c!4^4 5° ffiV^ciHf*](755iilfl;ff»gI<7)fi|^^9 0% 

m&'<u7 t x$'( hWj&X'&y . /4^o§f*:iI l t5^ 3 o 
^-f n75^CE«c<75^Mmfr»^WtS^ 0 . 3 ^ m «T 

-c- fo 5 r t i -r 2> M fiiffif. 

r- mmm<n&mn&m*X'ib'ox. immmfcm 20 
vHii 3 izmm<nm.i$,x'h v , a>o. gi&^mfriWRro 

•T-o 

[If*Jl2 2] ff*Jll, 2, 3, 1 2*>5VM*1 305 
[ft*Jl2 3] IfjftJSl , 2, 3, 1 2£>5^fi 1 3(73 30 

[§t*3S2 4] If*il2 0fe5VMi2 1 Kf£«Scoi£3£P 
5 fill AS ifit-f ^-5c* *> b * 5 W«tt»{ktt * fc tt^ n ^ 

IIS*rl2 5] i#*if 2 2fe -5 ^11 2 3 dfE^OT^&JB 
Pt, Au, Al, Ni, Cr, Ti, Mo, WW 

t «> lmn&mx'ibzzt&w&ti-z&m, 

[§f*rl2 6 ] If*JS2 2, 2 3fo5^Ji. 2 4<75l/>-f 

V. Eu, Cr, Mo, W, Ph, Os, I r, Pt, 
Re, Ru, SnO/^HlMftftt-fc"), fi* 

o&fctspas 1 m a • cm£iTX'&>5> ^ t zwrnt-tzm-w. 

IffijfcJS 2 7 ] gS*iS 2 2 , 2 3*>5VMi» 2 4«t,N-f 50 



eOs, SrReOj, BaReOs, LaTiOi, Sr 
VOi.CaCrOi, SrCrOi, SrFeOs, La 
i-xSr«Co03 (0<X<0.5), LaNiOi, CaR 
UO3, SrRu03, SrTi03, BaPbO] <T>'j? 

mt-\mQ. ■ cm£ATx-hzzk&®mti-zm&&mt 
isidsurt^t L"C, A^o^fig-r^tas^e 5 o°cy, 

[ff#if3 0] MOCVDKJ: •JSta^Sr^t^Fff 
[I**il3 1] A*r/u = *i/K*>5V»»4*«il*«rtil 

[»*S3 3] !R#g3 1 *>5V»|J3 2ICBt©4I7 
[ff*«3 4] f#*rll, 2, 3, 12fc5^ttl3ff) 

[IS*rf3 6] !f*rf3 4fo5^fi3 5 l,ZtZl%i<nmmte 
m^teMfciVfati*. I nzO], Sn0 2 ,ZnO, ITO 

(In-Sn-O) , ATO (Sb h'-^LtS n) , 
FTO (F h'-yifcS n) , CTO (Cd-Sn- 
O) <r>'J?t£< k h 1 ^m-t^mt^X-h'O , Tl^oSfet 
^5^5 i m Q. cmJ^TT-fo »5 , 7l>0^r^igcr-(7)gii^^ 

llt*il3 7 ] If*ri l , 2, 3, 1 2fe5^lil 3W 
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[fS#il3 8 J H#3f 1, 2, 3, 1 2&-51M1 1 3(75 

[»*JS3 9] B**2 0*>5V»tt2 90Wfji£>|c£ 
— fe/u. 

[if*«40] IfjRiSl, 2, 3, 1 2fc5l/Mil 3(75 

[1**14 1] §f#if3 4 5i Mi 3 5 (75^1* n^fClE 

lff*3S4 2] S*5 3 7fo5i/M4 3 8 GQl^f tl^lCta 

H8H0>lMB*IMi] 
[0 0 0 1 ] 

fcFRAM, Ita*tfflV^#*m-feyt-, lEttiif 

[0 0 0 2] 

bT-f&VkftZtlttW&lt&mmLtLROM (Read 
Only Memory) 7jSfc-5^ N St &X.®%C&%im£tltc 
9, 7- fcf— h*^SV^£f (75Pp1jg^t^A/'CV^S 0 Sfc, 
r. <75flil (C x - * <75 £ & X K^jS * o T V * 5 R A 

M (Random Access Memory) i ; fc5„ IrH^Si^lllftSrffl 

i/ x fc F R AMii, SftroUft 5 -ooaS^H^fiJffl L 

O 10 ~ 1 0 12 [Eli^lcffiftTV^,, $e>Ki, St&x. 
<75*t°- Kt m s JiLTir^^lCjftaT-fc^ . J^tftROSI 

[0 0 0 3] ;Oj:5iFRAMC*|iHk. ^F»*tt 
fc, ^ftSrHa-r5fc*<75ra^^^$tLT^5 0 L;>> 

(P r)*«T+5fcV^ofcBM»^*#/j:IBajftt LT 
£Dfc 0 rfc^ftft, »MfclCtt. (1) 
(Pr) S:»o»«*flcW»ro«ffl, (2) KfiEjfrlcft 

StLtli, ^n^A-f h«i£<75g£fcfe7)>J£<*iJffl£ 

l-^t-fc^PZTtPbtZ r,-x T ix)0 3 ) (±, * 
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*»tt>*y mitt Lxmm-tz&w, <<>9-i-'>3 

•/-f^iXM 9 8 9¥2 5 5S (IEEE IEDM 
Tech. Dig. : 255-256, 1989) T'ff fcftTI/'' 

ofc^ B lf«itr-fe5 B i Jl^^m^ro S r B i 2 T a 2 
09 ASjfflPjnt^?., ^(75TO(COV^Tii, PriSci 

tsa:*i*]ic:(75^-r^ B a B <75^ti?r^oTv^o * 

Tl/^fcAl;:, ^<75W^Sr/l'' > fcesj7)S < SfFW09 3/ 
1 2 5 4 2, PCT/US 9 2/1 0 6 2 7T'fl^Jn 

[0 0 04] 

*fcSSV^35#« (Pr) , (S0^«» (Ec) 

V'W'ofc. ±tr2& H B B ^7^n:/;*^ hfilitco*.- 
20 ^ffc5PZT(Pb(Zri.x Ti»)0 3 ) &fflV>fc* 

TCtt. »»**»«©KJlSr 1 0 0 n m«TC»«l: 
S-C-(757C^(75te»^t-J; 9*fcJl#fl*»**iX, %<Dfz 

wcsw^mmT. smsom# 

fcofc. rtLtt. »{t*ro»*«* (PZT) 4&JS<75 
30 (Pt) /J5^UTV>5fc*(C, IfMiTLTPZT 

Wigtil^P t — i£it-r5-<!:lcfi@LT^5. Z<DfZ$> 

[0 0 0 5] iKtSJfeSflfliiSlt^^n^*^ 
Htitrom-»^a»fiifi/io tlgfi«iS-C?*>5 B i 

40 i£ B s B (75m^+4^5^<^op [ 3ii,s^fcofc 0 :ntt, me 

B i ®tt5i^*«75^Bl« it(-*J^T. ZgA»e><C5B 
i -OScoyn y^>-^Ji<75fci6(ci^^ffi$re-i-T 
a jcmas*£&£75#*W4(75fca6(;r c tt*-f6)T-(itS5-r-5^ 

rofSAAfttt. c«itSB:*r&i^«ft«fii-5. c<75fc 

fcic. ±e«3i6aw«>±««i/!ii»«*/T«B«ii© 

WigT-ll, *ierSl^TSi5mffilc^ B B B K(DB i I^ISII 

so (759*>> i:#(75Pnjn*[6]ic*j-LT cWii^b i 
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imm#<n&g l <DZf.frftmk uti< fc^sc, mm^m 

SffiCOSUri 5 P t , Al, Au, N i ^W^SWfc* 

[0 0 0 6] #$89! tt, ±tsrop«m^^ft?^i-5fc*(c 

Sr±T, feSVNii^cofgST-^fc'Sfi^m^TfcJ; io 
[0 0 0 7] *^B^(75ft!l(7)g^(± N ZlO/n^Jry^ 

(A 0) 2+ (B y _lCy03y +1 ) 2 ~ 

[0011] A = T1, Hg, Ce, Y, Pr, Nd, 
Pm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Y 
b, Lu 20 
B = B i , Pb, Ca, Sr, B a *>f>*5'>J5c< t <f> 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 

Z ri>5>45'>4< Hi»± 

(AO ) a+ ( B y -iC y Oj y + i) z " 

[0 0 14] A=L a, Sm 

B = B i, Ca, Sr, B ai>b45'M< HUB 
± 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
ZrH45'M<ttlifilJ: 30 
V = 2, 3, 4, 5 

(P b 0) 2+ (B y _,C y 0 3y + 1 ) 2 - 
[0017] B = Ca, Sr, Bai>?)45'>4<H 
liK± 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
Z r*»6fc5'>ft< ifcl««± 
y = 2 , 3, 4, 5 

[0 0 18] *fc*3SWK*J^TW:, ±E3»»«»:»» 
T-ff^g^^Srf#5fc«(c. TgBSfll-ttLT (10 40 
0) grift, tfcfi (0 1 0) Eft, £fci± (1 10) E 
[Si, Sfcii (0 0 1) ffi[6j, ifcficttaU 5° fflv>fc 
IS (6] L X V > 5 c t Z ft m t "f 5 „ 

[0019] *fc*«wK*jv^THt, &mm#m*tL 

(10 0) E(6j, ifcfi (0 10) iE(6lW5S^m«:»BI 
[0 0 2 0] $e,l-**M«-*5^-Ctt, 
r (i io) &fa<D%m9#wm<nWi&Ai 8 o%w±r- so 



5ZiSrgWi:r5 0 

[0 0 0 8] *5>fc*5SWtj3^rtt, ±CHfttt#ft 

at t s imm/mwh zm^zzt xm&m 

[0 0 0 9] 

■C-fcU. i'oT'o y*>^B*s— Jf-e*><& 
[0 0 10] 
[ft 6] 

- (ft 6) 

y = 2, 3, 4, 5 

[0 0 12] ^fcilEJitft^o^*^ r-fltig-C'fe >3 , 

[0 0 13] 
[ft 7] 

- <fc7) 

* a fb^it^r*^ to $ tix ^ 5 c i *ftm t -r s . 

[0 0 15] $e>fC±SaJB*t'<n^*-f r-«i£-C;fc 

«>o^d •y*^ym&-mx$>z&mw,#mm&, 

[0016] 
[ft 8] 

- (ft 8 ) 

hz>zkzftmk-tz>» 

[0 0 2 1 ] ^ibid^B^tcfeVN-Cii, 
Lt^4 g firftS fcfcfc, ±!STtt«ffit*|- L 
X (0 0 1) El6l<Z>3fiRflflEi»Bt©»-&as 7 0%W±T* 

[0022] $ibic*^B^(cjo^Tii, %mn.fom*t 

TcW4 5° <gt ^E(6i<03fiBf««:»B|ro*|-g'ii 9 0 
[0 0 2 3] *«^ro|g 2 co&Rltfrfi^ii, 

*>yir-#)5B i -om<DB i im r- Sr-r 

»fc5 7ci!S (T 1 , Hg, Sb, As) T*^-fg#«iX. 

[0 0 2 4] 
[ft9] 



(6) 



#&f!¥9 - 2 4 5 5 2 5 
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(B i 2 -„ A x 0 2 ) 2+ (B y - 1 C y 0 3y + 1 ) s 



(it 9) 



A s 

y, ^±m^mA> 

F e , Co, C r , 



; 0 2 ) 2+ (B y -,C } 

B a , Y, 



[0 0 2 5] A = T 1 , Hg, S b, 
B = B i, Pb, C a , Sr, Ba, 
L}t£Z'pf£< t i> liH± 
C = Ti, Nb, Ta, W, Mo, 
Z r ^(b/£5'>^< t fcll«± 
0 < x < 2 

y = l, 2, 3, 4, 5 

( B i^Pb, 
[0028] B = B i , Pb, Ca, Sr 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, 
Zr!)»5>/£5'>4<i:'blIfc5^liTi, Nb, T 
a. W, Mo, Co, Cr^e>''£5'M< 1 tt)2iiy± 
0 < x < 2 

y = 1 , 2, 3, 4, 5 

[0029] *fc*:^wic*5VNTi4, ±.msmn&mm 
T^^f^LT&^&siif £ do 

0) El*], tfcfi (0 1 0) EfSh */c(4 (110) E 

[0 0 3 0] £fc#3§W(-:fc^Tte, m&iff T- i L 
(10 0) Eft, ttz\t (0 10) Ersiro^mftv*^ 
[0 0 3 1 ] $ ^(C^P^iCfc^TIi, ^m^T-i: 
X (1 10) Eftro3$K®f£S]gitf>#J£-^8 0%&L±X 

[0032] $ bfc^^fcio^Tii, mm-mfcm+t 
[0033] ^wn<n%3<Dmmmw-m^\-t. &mn# 

T\ ^oft^J?.;^ 10 0k V/cmlr-y—X'foZ> Z t Z 
%?ixm.m,l± 3 vWT»fi*I£rofcftKStt«fl:»JKw 

[0 0 3 4] £fc#3§WtC:fc<,>-Cf2, 

WLt(l 0 0)E[6|, *fc«4(0 1 0)E[6l. £fcl±(0 
0 1)E|6], ifcii (110) 12(61, ifcficttl#4 5 
° ia^fcE(6lLT^5- ir^^t-TS. 
[0 0 3 5] *fc*»Wt*it'Ttt, BKttfcSS^-il, 



ft 5 ft^WiS ^T-iS *3 $ ft T l> S r £ #® £ 1" -5 . 

[0026] $.tz±.ti'<u-7z*j vm&x-hz&mn, 



30 



40 



50 



i hHt^«M5P b5c*Sr*-f*#»x 

[ 0 0 2 7 ] 
[ftlO] 

o 3y+2 ) 2 - - (it 1 o) 

i (10 0) E(6h (0 10) El6]£>5£^mft*8l 

0%^±T-fo3;ii:&£HSSci:t-5 o 
[0 0 3 6 ] $e>t^*»WtCfe^Tf4, aRS^-T-t 

T (1 10) El4^3ll»CfMHI«>ffl^ 8 0%^±r- 

[0 0 3 7 ] $ ^(c^fgi^K&^Tfi, imW&M+b 

r (ooi) Ei6iro9fi»i«fr»BiK>«^as7 o%»±-e 

) [0 0 3 8] $P> tJSV^-Ctt, SitftfT't 

rcHi!4 5 a fflvfcEi6iK>9ftR«flc|»«roSi|-g-as 9 o 
[0 0 3 9] #»9iro8u©»SStttt:*?-tf\ as?tt# 

$ ixfcfk*«ii^-r*^^ $ ftfc - Jiroy n - y * y ^jf £ 

[0 0 4 0] Sfc^lcfc^tll. Bi/^SJS55-ffi*# 

*TLT(1 0 0)E(6], *fctt(0 1 0)E(*1, £fcfi(0 
0 1)El*l, Sfcli (110) El*). £ fetich 4 5 

[0 0 4 1] Sfc*3BWtc*sv^-CH:. »R«frsR^ i: L 

(10 0) Eft, ifctt (0 10) E|6lW^S*ai^ 

7 0%«±T*fo^r.i:5r^iai:1-5 < , 
[0 0 4 2] $?,IC*38Wfc*J^TI4, ^H^Tt 

x (iio) Ei^oifiBKMcWMoif^ 8 o%y±r- 

[0 0 4 3 ] ^e)^-**w^w*iv^Ttt, 

X (0 0 1) E(fil<7>a^m*j¥KC0S(-g-?JS7 0%Ki±-C 
[0 0 4 4] $ bfc^BJtctj^xii, 3fi»«»:*i=-i: 



(7) 



#IJ8¥ 9-245525 
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re was 4 5° m^-fzmmoftmmftmmnm&tfQ o 

[0 0 4 5] *»Wt*tv^TI4, MR*m*KA*e>*tt 
i"t"5„ 10 

[0047] sfc^p^<D7°u— mmm^mmw- 

fe, Sfcte^n;/*;^ r^£<75#mtt8£fcfeT-«J&$ 

[0 0 4 8] -tL.-C*3BM»«ffi|ifflVP>ix54feJ|llfi, 
Pt, Au, Al, Ni, Cr, Ti, Mo, Wj&»e># 

fete, Ti, V, Eu, Cr, Mo, W, Ph, Os, 
I r, Pt, Re, Ru, S n frbtl: bWSi £il 30 

ReOi, SrRe03, BaReOj, LaTiOj, S 
rVOi, CaCrO), SrCrOi, SrFeO], 
L a i-x Sr,CoOi (0<x<0.5), LaNiOi, C 
aRuOi, SrRuOj, SrTiOi, BaPbO] 

[0 0 4 9] 3MBH<a£5 0&ffi«fMt?-tt, ftJ&gl- 

**«ttltfl:«JSrffl^5r i:S:«p»4:-rS. ftfcii^ft 
^mtt^ftfete. W«tt3»SttSt*-C< 1 mQ • cm-C-fc 
9, 7>^o-5rll^T-»Si§^^8 0%$X±.X'fr>Z> I n 
2O3, Sn02, ZnO, [TO (In-Sn- 
O) , ATO (S b K-yitS n) , F TO (F K— 
^LfcSn) , CTO (Cd-Sn-O) frbtezmfr 
t,mfc£ix5>imxhZ, Tt£t>*>* *38WW»R««: 
«K<o«iiS:frifctt, y >^&lc:j;iJijE5BtTS 

»*J-*-5t»JCJB«-f3aSSr6 5 OttlTt LT»» so 
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y^mz\\K.x\y- j fMmm, fesv^MocvDis 

[0 0 5 0] *t**Wro3fi»«#*Blro»jt*ffii4. 
3df--> Kfo-5v>teW^SE^?rtiJ^ll^ft Lfc* 

[0 0 5 1 ] 7C3f, 

fc5^l±MOCVDS?rfflv\ i£tff*> 5t/>ttJ!ig 
Lfc^igo#nmi It, Mt5fiS?:6 5 O^CKT 

[0 0 5 2] itc^m<D^.-ytm, feSV^B^ 

BK-t5?as/) s 6 5 o°cy.Txm-7£m. fcsi^oy 

[0 0 5 3] $ Pjfdiifa&JRTA'^v' Ki>5l^te#«& 

[0 0 5 4] *38WK>3fiR««:/ y ±Mt, ±fET'f# 
it, fc5^te5t^mfri*flIrorSi«i](cmfeSra r {iL/'c7 0 u 

— r-wmmt>K *m-&Mo sum* lx 

[0 0 5 5] £fc#«i5!<0»R«fM- : ey-fcA'tt, ±iS 

[0 0 5 6] ^fc*^^<75*^air>-y--te, _hi£3$^ 
[0 0 5 7] *fc*:«W<7>3t^->^7 1 Ate, ±E-C» 



(8) 



ftffl¥9 - 2 4 5 5 2 5 
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[0 0 5 8] *fc*»W«)*Jg*S!Sl*IHb*fctt## 

fc* t> -c s> s . 

(A 0) 2+ (By_lCy0 3 y + 1 ) Z ~ 

[0 0 6 1] ({§. L y = 2 , 3, 4, 5 ) ©{b^ffiSt 

iTciH, BtY h(CS r5c^, C I- iZ T a tc^ Srffl 
V^S^— »{Ci<jailbHXV>5S r B i 2 T azO 
9 (Y 1 ) Vf'&Vh 9 , wOtmWHflSl Lfc^a B B«it^I2] 

fc«^«ig-C*fe 9 . H2(d^-f i 51-B i-OJlf£-JI 
«ifCx W>tB i -0*^¥Jaffl*Sa*itiiS-rjx*# 

(Pr) O^tSli. 7Cm*5±^fa«jg<?55l 

Ta5cSW£ttfcJ:oT#««:»£-f 20 

-r-5 s r jo<tt/B i 7cm<D-{ ^^m^n^ti 1 . 2 

7 A *3±tM . 2 OA t, ifS^« (P r) CD±t& 
PZT(Pb(Z ri-x T ix) 03)<Df&T-£1f fig-f 5 P b 
(^^•^Jji^S l . 3 2 A) TcifflCifc^T/h^&S^Wfc 

(-m#?rfnA0LfcS-g-(CI4-Jl(73B i -O^rofcfelC, 
*!ffi©Stl*:tti J <»#, ^Oi*Zo©T a 5cSf 
(6lds*5StMCliS-r5*|6ltw|S]< 0 ^(DtmbiCcmtW- 
tf^faWP rfittte, O/xC/cra 2 T-feSo — #s ctei 

^/■cfelC, Pr#16«C/cm 2 £ *:# /fftSr^-T. w 

[0 0 6 2] AWMCTI, Hg, P 

45B i -OJfcDJ; Ji<7>ft:b9 [C— JIWT'n ydf 

T\ *-#-fT*>5PZT«fc«3*tJii*»ffiSr»o» 

£ M^- * 4 x. 5 fc * fctt-f ir > ^IroS/i 5 tcs$I wffi 
^--g-fr-ttflSifilX . AIM hKT l (1.0 6 A), 
Hg (1.16A) , Pb(1.32A), YC1.06 
A), %r±m5zm<OL a (1 . 2 2 A) . C e (1.18A), P 
r (1 . 1 6 A) , Nd (1 . 1 5 A) , Sm(l . 1 3 
A) , E u ( 1 . 1 3 A) . G d (1.1 1 A) , T b ( 1 . 
09 A) , Dy (1.07 A) ,Ho(1.05A).Er 

(A 0) a + (By_ 1 Cy0 3 y + l) 2 ~ 

[0069] (iS. L y = 2 , 3, 4, 5 ) CQft^#?i£5*; 

aim hicB i jtm&m^tzm&R&mtfmmcnY 5 o 
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[0 0 5 9] ^e.fC^iB-tSi, 

[00 6 0] 
[ft 1 1 ] 

- (<t 1 1 ) 

(1.04 A) , Tm (1.04 A) , Yb(1.00 
A), Lu(0.9 9A),Bt^ HC2-3ffi©B i (1. 
20 A), P b ( 1 . 3 2 A) , C a ( 1 . 0 6 A) . S r 
(l.27A),Ba(l.43A),Ct-f H£#«£igr-*- 
5tn<OT i (0.75A), Nb (0.8 3 A) , Ta (0.8 
OA) , W(0.79A) , Mo(0.79A),Fe (0. 
69 A) , Co (0.67 A) , Cr (0.69 A) , Z 
r (0.8 6 A)&UZ-&t>1£Z>ZkX\ KV^$g#«£ 

At-( hldffi»<6S+ 4Jil^(0^^ffivMbixfc^(C[i 

ttSr#5(-(4, y=2, 3, 4, 5C0#-&^»* H/\, 
£ib(C, AIM HcA55c**2aBi£l±|a*-g-*3*fc 

[0 0 6 3] H3K5*L;fc±Tm*K!iWliW* 

fcH4H*LfcJ:3fc(100) E|fn4fcH: (0 10) SB 
ffil, (1 10) EipJ, Sfc(4*S H B B coc$A^4 5° 

&^fcffi[*K *fc(4 (00 1) R[6UCi-5Cfe, ffi^ 

[0 0 6 4] SbK:. iin«ft:fllKroi«^««H£»:IS 

[0 0 6 5] ( 1 0 0) iHr6l£fc»4 (0 1 0) i£fi = 
(00 1) I£fa> (110) ia[6]>ffi B %Wc$4^4 5° 

[0 0 6 6] COTtftlC, ^m^igT-W^tti Lt£- 
■>5e&3i£*tt*»5fc«>fc. it (100) E 

|6]*fcfit (0 10) ia(SlWi£(6]g<7)fi|^^ 7 0%W_LO 
MMWM«##*Llr*. N*£ (0 0 1) IErS]T'(47 

o%«±. (110) gsfa-c-tis o%w±, ^socM 

5° (S^fclS[S]T-|i9 0%Ji(±(Dga[aiS$rW-r5® 

[0 0 6 7] Sfc, 
[0 0 6 8] 
[ft 1 2 ] 

- (ft 1 2 ) 

-T5 tow. «*Stel^5*#ii^»ttCflEnA:W» 
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ftffl¥-9~ 2 4 5 5 2 5 



O-3 0/iC/cm 2 Idtfc^-C 1 0~ 1 3 u C/cm 2 t'h 
(AO ^(By-^CyOay + i) 2 



^^Tfi, At'f HCB i7C3?l£fflWc 
[0 0 7 0] 
[fkl 3] 

- lit 13) 



[0 0 7 1 ] ({§_ L y = 2 , 3> 4 , 5 ) Olk^MSit^T' 
ii, &i"B i -Ol«B i f--f Y * 4 ir^s 

WTnig £ ^fi^-g-^-tirS ^ t Tit B B B te^lcfifc;f:ro£^£ 

3„ *Z\X\ 1.20A OBit-f Mc-T 

ty^i«M5%iffe^Tl (1.0 6A), Hg 
(1.1 6 A), Pb(1.32A) , Sb(0.90A) , 
As (0.6 9 A) S-B#^X.-rSwi:-C-^Bl^(-ffi« 

3St5IW, lOHg, Tl, Sb, As%i»i^ 

X ?te-Ur>¥%ZW^B-y--< MCB i , Pb, Ca, 
Sr, Ba, Y, #±Hx;S!tCD L a , Ce, Pr, N 
d, Sm, Eu, Gd, Tb, Dy, Ho, Er, T 
m, Yb, LuiCt-f hCTi, Nb, Ta, W, M 
o, Fe, Co, Cr, Z r iD^tl^M ty^ffflS 

iroMi^iti,?., B i f-i- hwg&ftKWS 

alro^ttWfcfefciO < x < 2<0®ffl^, ^LT^©1 
^*jStty=l, 2, 3, 4, 5<Offiia^»* U\ 
[0 0 7 2 ] ±Ero»«*#»«roi*»«iiiSife 
(A 0) 2+ (B y -iC y 0 3y + 1 ) a 

[0 0 7 8] (IILy = 2, 3, 4, 5) <£>{k3MSIiisfc 
(Cfcl^T a - b E#ffl(Cffiftfi£g-f SBarsjfflflP L-^i"^ 

n&nmnRmRj>m+~ iook v/ C m^— ?*> 

[0 0 7 9] JJEW^U— ffl«J!l«)3i««# 

iHT-coi§£-t>, @4i;*LfcJ;5i; (100) Eifii*fc 

tt (0 1 0) ffi/fij, Sfcfi (110) Efa, Sfc(S(0 

(B i«-x A x 0 2 ) z+ (B y - L C y 

[0 0 8 2] tftif ttftttttfttVIRtt. 8tftiHSS»+~ 1 
0 0k V/cm^--y-T-fc-5fc*(C, »^S«c»SS<Offi 
(10.3ym J^T«-*QXi-5C tt?i«i^i^^1S$:^FO 

[0 0 8 3] wW*&-g-{CI±®#<WPnAD^-(6]7S^c«l 
(cgil^r^/ifc^lc. U4I^Lfc«t9(- (100) E 



a B a S*MfLTfeO, »S*l6l*a-bBrtJ:*)±S 

l-»*.fcE|6l»]W*S!K.5? - e*>5, H 5 KtS Lfc <£ 5 fc, 
10 ftRfltfrffiKfr (10 0) EKq, *fc|4 (0 10) IE 
ft. SfcJi (110) 12(6], Sfcli^B|(7)clA^4 5° 

[0 0 7 3] £f>{c, ttR«ficftl(0g£#««H£fiJ* 
SOEftftK^t^E^iVCfciJ, «TWliT-^#/£ 

[0 0 7 4] ( 1 0 0) EfaSfcfi (0 1 0) E|6]> 
(110) Efa ctt>65 4 5° fS^fcEfio 

[0 0 7 5] - cofcft);:, MR««c*T-<Z><KM4i tt£' 
20 BttiJg»fflt«rff'5£M>£. (10 0) E 

rsj*fcfi (oio) mfa<Dmftjg<nm'&fr ? o%zx±<d 

HMIfc(l 1 0)EfS]-C*(4 8 0 
%EA_k, 8ifl)cd#4 5° ffi^fcEl^lT-f±9 0%^± 

[0 0 7 6] B9 6(c*«ni^J:SailR«4:ffK«>Pf«i^ 

its* jmi trey \s—>--mmi&<Dm§m.ftm*z^ 

-To ^tifS. 
[0 0 7 7] 
[Ikl 4] 

- (ft: l 4] 

0 1)E(6l. SfcHrf£ B a a Wctti^4 5° ffll/^fcEl^SiJW 

T*f5. El*Itt4i*»««>*#4tt±Jfi«>aOT:* 
•3, *a^S^1Sfi6Sr»5fc*t>(-, '>&<£*> (10 
o) EfaSfcti (0 10) El6jwEfSlSw#l-g--i 5 7 o% 
»±ro»K«ft*fll*s»* (ooi) ElSl 

T-(4 7 0%&Lh. (110) E(S]T-I4 8 0%^±. 
<7?cttA5 4 5° Mv^fcE|6]-Cf4 9 0%W±<7)E(*iaSr* 

40 [0080] ^^\zx^yu -y^-y if m^~m 

COB i -OdSr-g-tf 
[0 0 8 1] 
[Ikl 5] 

0 3y+ i) 2_ - (it 1 5) 

[Si, *fcti (0 10) Eft. SfcH (110) El6i, £ 
ti.it (0 0 1) Eft, Sfcttili*«0c«**4 5° m^tc 
EfSl^Jffl-TSr if, Mv»i«»««r*""f 
tt*f^«^#5. :»«lt((«ti LTW^/iin^ 
ffi«*»5fc*«-, 'M<it) (10 0) EffiiSfctt 

so (oio) E(6]wEffiiawfii-g-^7 o%a±w^m^ 
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(10) 
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is^sl^. mmz. toon s^it-i±7o%a 
±, ( i i o ) isrfiir-ti 8 o %a±. ^B B H ro c m> 4 5 
* fflv^E|6]T'tt 9 0%fiil±©E(6lKSr*-rsa»«W 

[0 0 8 4] -Hit- jfeicfflvMbnrv>5 p z 
T©3MMWWMfcP t. Au, a l <DTi®n,m<nffif$. 
-Cli, PZT£*siro#B£;frL-CPZTO$ef{i7!)3®£ 

~-&«cu *©ib*jm5» a ft s. a 

^0^755 1 0 8 ^-*»&A»|cil8»«|t*JfiT*: 

i o 15 ?-x-\>i&tiL£<t<r>te^ ! &mn.& 

[0 0 8 5 ] Sfc, H8(C3f:^{ij!i^5±g|5mS<75« 

««^©»*©itfkfcfl5 5a»Ji©»«©/t«>i-, apt 
mem, nt-5c*«>w«ttiMb», AUk^^tt^n^ 

£T\ »tii*0ft*s 1 0 15 *-^-Tfc»tt*ft»* 

[0086] ifc, wm&nwttw&ktt 
ft»it5:tt, s^iz^ns^ 1 o 15 *—y—x-h 

So 

[0087] ±&±m, Ttowmizm^z>&mtt, p 

t, Au, Al, Ni, Cr, Ti, Mo, W#>ib#£ 

i , V, E u, Cr, Mo, W, P h , O s , I r , P 
t, Re, Ru, S n^^/i^^lbiltR^nS ISO 

»{Ctegt^5< lmfi • cat'fcS: $ <b 

^d/XW HSi£«>j?3tt&fl2#Ki, ReOs.S 
rReO], B a R e O3 , L a T i O3 . S r VO3 . C a 
CrOi.SrCrOi.SrFeO), Lai-x SrxCo 
O3(0<x<0.5), L a N i O3 ,C a R u O3, Sr 
RuOi, SrTiOi, BaPbOi a»b&38¥a»<bil 
KjnSll^D^A^hT-fcD, ^oSStfiL so 



[0088] mcxstmiz, u^9tR*# 

5g^5r^-f5rc:s!){c, EI3tc:^Ufc«»ii-C±SBaffilc 

ftttttt, aiS*^^*^ 8 0 WiT'fc 0 . *»o«ffi 
t LX(D®$[Z&mtet&tii&tf< 1 mQ • cmO I n 
2O3, Sn02, Z n O . I TO( I n - S n -O), AT 
O (SbK— yifcSn) , FTO(FK— ytfcS 
n), CTOfCd-Sn-OJi^^SSi^IKSti 

[0 0 8 9] £fc, 116(C7nLfcyb— f-SttligiCio 

vrt, italic, tttsroK-i, */ci4jsfftii(cSigi^ 

M'i£{ii$i ! <lmO -oKDI n 2 03,SnOz, Zn 
O, I TO (I n-Sn-O), A TO (Sb K— /Lfc 
S n) , FTO (F K— 7°LfcS n) , CTO (C d- 

sn-o) *»e,/j:5»*»e>a«$ixaiai«)»{k:*-c» 

[0 0 9 0] *^*5SW{i*»*>S»««fl£»ffllroJllifi* 

fc^#ffi^T\ 6 5 0X,UT<Dmi$.SMXftz.\-£, *S 

ft, ^oQDCiSR^O^-y y v^tttcflEftfcflJ££t? 
[0 0 9 1 ] 4l7/^3f-> K*&(iW8S&i&£ 

bmiz^^xh. ±.mtmn^m.m*t(D 

[0 0 9 2] ^MT/Ua^^K^fcttWflMKfc 
ifcttx-f '^3- hffifdiSSiit^ffifCtJ 
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(11) 
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[0 0 9 3] J£-7C3?i. feS^tt^o^A^ h«itra 
it*-ffiSrffl>/^^i:T\ )S-T-LntSW<lraQ 

[0 0 9 4] 19 ttSS**** * U — feA'«>«Ja«r*i- 
y-^SBi vg&itfy ? t/x^S i *>£ 

[0 0 9 5] Sfcl 1 0 JiSSKSf*:^ * y — fe/KW«it 
y S?* * i: + /<V* (CD 3 ic* Lfc±E«>iM*m** 

[0 0 9 6] HI 3 fc^ L fc±|5 tfJ&R^ffcifi^ <£>tt*? t> 20 
(AO) 2+ (B 2 C a 0 10 ) 2 ~ 

[0102] (n^ffim^htehimm,t&mm<»%i£k 

B = S r 5cl?f , C = T a 5c*W^-g-ro^»}^-fe§rJMT(- 

»«P*:3 4B:T**«*r*i-. *-f, T*««^tt, 8 
0 0^izM®:Lti:&t>J&l$,Lizmfr2 0 0 0A©T i N 30 
Uro/^y rmZSts S i Srfflv>fc 0 Kid, cc7?3 4T*ffi 
«fc±K3 3T»t«tft«Lt. TSB«ffit±. 171; 

5. 4Ttt!2S«±(-6 0 0 , Clc:flDSiLfta*?>*'< 

y V^fcfCj: 19 J?^. 1 0 0 0 A<75 7 4#IR u 
fiScU £ ^iCsf^Tyx^ffi^, ^W±(^4 5 0°CtcAn 
&Lte&<bX'<-yf y t9J?^1000AO7 3*. 

-7csHoa|l:ttS6ffc;ttR uO, &®lz 6 5 0 rwrS^T- 

( ( N d 0} 2+ (S r 2 T a 3 O 10 ) 2 -) 

[0 10 4] fcWfc. i<73»«««c»Btroffi|6H4rt, X 

IS®ffroite*ctt^4 5° ffi^fcEifinr-fc-s ^ tj}s#js» 
ofco Sfc, (10 5) BWIsieff— ?£fflv>fc#— /u 
^^^^raii^i^sersi^is. 9 3 "/o-efesrt 

SiLfc„ 3 1±SfCH^(4, H8 (a) iZ^-t 8 2^n7 

(N d 0) 2+ {S r 2 T a 3 0i 0 ) 2 " 

[0106] KjR^^atH^^^^y ^ y V^jfc 

ClJ: <9 6 5 0°C<O?a^T'Jl^- 1 0 0 0 A CD 8 2^o^ 
7J-T h^}jg(7>jS®ttgf{bftS r R uOs Srf^SiLfco $ so 



viable. Jbia»K«*9H»Sr*^ 

it. #«.»-fe>"S—©|ftauc*W!fl:«l««* (dPr/ 
dT: Pr(ig3S#1i) *^tv^|^(c:J:5o 
[0 0 9 7] *38WeffiR-e*fcaW***fMMtft«: 

[oo98] 3W8w-efE«-c£ fc±E»w«fl£> * y - 

y -OFJ^IcW5aT*fe5„ 

[0 0 9 9] 

[oioo] (mrnmm 1 ) ^ntttA Lt 
[0101] 

[ft 1 6 ] 

- (It 1 6 ) 

!J V^fetCilJJIC^l 0 0 0 A©7 2^d^ 
*-fHSiO*tfiBftftSrRuO! fcffKLfc. n 

Nd, Sr, T a7C^ro^JST/U3^v- K^?K5r 1 
5 0 0rpi t'3 0 s^fya-hLfc, -em^, 150 

»B!WiSfi<tiaS 5 8 O t CJ:"5{gv>?aS2 0 0t~5 5 
0°C<7)|Eaia-C- 1 0-3 Omin HU^aSrtTofc. «±W 

i iTifr 2 5 0 0 AoW«flcfiS:f 8Lfc. LT 
ltl:5 8 0°C~6 5 CCW^aSr-fSr iT*3£^m 

[0 10 3] 

[<b 1 7i 

- (ftl7) 

^*-T h*Jftwi»«tt«fl:*. 8 3 *-5E*<0**tt» 
(b^> 8 4&JSd»e>#lfi)t<Six-Ci^5. Bftf23 25i^m^ 

[0 10 5] 

1 8 j 

- Htl8] 

ibl- J ?:W±lCB^3g^^#H^: t l 3 4 5 CCIC^D^.U^^^ 

y^ymicj: <om.3f. i o o o Aw 8 3 ^-^.m 



(12) 
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22 



*/<y9 >J >>Vmz£VI$.%- 1 0 0 0 A<59 8 4&jKR u 
SrfERLfc. croiSbixfcSSRWft*^©^*^* (P 
r) J3it«t«ff (Ec) Z^iM.X-mi£Ltck^?>, * 
ix-Sr'ft 2 0 n C/cm 2 #,££5 7 5 k V/cmOffi^^ L 
fc, 2 8 0 k V/aDromffi^Rlfc^-tir-GSsO&L 

[Hl^SrIi]^Lfci:^5, 1 0 12 (e^ST-P rWfiMft 
l±^*e>H^C7i>ofc (f 1) , 
[0107] rroi 5icLT#e>afcT^5mffiw 

Ru, RuO, SrRuOs f±, 

fiJt«iiS*X*-f SwttiioT, r RuOs £ 

Id J; 9, H4(C7SLfc«J: ^ (a) (100) Sfcli 

(N d 0) Z+ (S r 2 C 3 Oio) 2 " 

[0 1 10] co{k^*3t^:tc*Jt>T. C1M HWtcH^ 
Ti, Nb, W, Mo, Fe, Co, Cr, Z rCOH 

M^tfoT#ibixfec$4^4 5° fav>fcEl6]OT5ipmfr 



(0 10) (b) (110) Sfi, (c) 

4 5° {gv^cEft, (d) (00 1) El6l5rJt5:i# 
EftgirPr, Ecff)fflff.(i t E[6]£7 0%T- 
ttm-tZk (a) (1 0 0) (0 1 0) EffilT-P 

r = 1 7 ~ 2 0 n C/cm 2 , Ec=7 0~9 0kV/c 
m, (b) (1 1 0) E(6]T*P r = 1 5~ 1 8 n C/cm 
2 , E c = 6 0 ~ 9 O k V/ci, (c) cii>*4 5' AS 
t^fcEftT'P r = 1 3~ 1 6 m C/cm 2 , Ec=6 0~ 
9 0kV/cm, (d) ( 0 0 1 ) S&ftX' P r = 1 7 - 2 
On C/cm 2 , E c = 7 0~ 9 0 k V/cmT'fcofc. 

[0108] /jrt>\ 

[0 10 9] 

lit I 9] 



i^WP r , E c 
[0111] 

r*i] 



( it 1 9 ) 



a i 





T i 


N b 


Ta 


W 


P r (mC/cd 2 ) 


1 9 


1 8 


2 0 


1 9 


Ec (kV/cra) 


7 5 


8 0 


7 5 


8 0 




1.0OE+13 


1.0OE+13 


1.0OE+12 


1.00E+12 



Z r 


M o 


F e 


C o 


C r 


1 8 


1 9 


2 0 


2 0 


2 0 


8 □ 


8 2 


7 3 


7 0 


7 5 


1 E - 1 4 


1.00E+13 


1.00E+14 


1.00E+14 


1.00E+13 



[0112] £fc, 
[0 113] 

(T I 0) 2+ (S r 2 C 3 Oio) Z " 

[0 114] roffc^SitiUcisl^-C Ct-f hfiOTcig* 
Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 



30 [ft 2 0 ] 



*ST« P r 
[0 115] 
[*2] 



a 2 



- (|fc20J 

Ec, #§rii^llI»**2{C^1- 0 



CIM I- 


T i 


N b 


T a 


W 


P r (mC/cih 2 ) 


1 8 


1 7 


1 8 


2 0 


E c (k V/c») 


8 0 


9 0 


8 5 


8 0 




1.Q0E+13 


1.0QE+12 


1.00E+13 


1.00E+13 



Z r 


M o 


F e 


C o 


C r 


1 8 


1 9 


2 0 


2 0 


2 0 


8 0 


8 2 


7 3 


7 1 


7 2 


1 E - 1 3 


1.00EH2 


1.00E+13 


1.00E+13 


1.00E+14 



[0 1 16] 
[0117] 



Hk2i] 



(H g 0) 2+ (S rjCaOio) 2- 



50 



( {t 2 1 ) 



(13) 



#H¥9 - 2 4 5 5 



23 

[0 118] wfclMSii^tcfc^T, Cf-i' 
Ti. Nb, Ta, W, Mo, Fe, Co, Cr, Zr 



24 



{fcig^roP r , E c 
[0 119] 
[*3] 



SfMlElt?:S3IOTt, 



» 3 





T i 


N b 


T a 


W 


P r(AtC/cra z ) 


1 8 


1 8 


1 8 


1 9 


E c ( k V/cn) 


7 8 


9 0 


9 0 


8 2 




1.00E+12 


1.B0E+12 


1.00E+12 


1.00E+13 



Z r 


M o 


F e 


C o 


C r 


1 8 


1 9 


2 0 


2 0 


1 9 


8 2 


8 3 


7 1 


7 0 


7 0 


1 E - 1 4 


1.C0E+12 


1.0QE+13 


1.00E+14 


1.00E+U 



[0120] *fc x 
[0121] 

( Y 0) 2+ ( S r a C 3 0 10 ) 2 ~ 

[0 12 2] Wfc¥*ifiSK:j8^-C. CiM r-<7)5Eift£ 
Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 

ff*«rffor#e>K*:ctti6S4 5° «V*fcEl6]ro3MI« 



[ft2 2] 

- Ht2 2) 

ftiffT-roPr, Ec, 9#ii*-B»Sr^4t^-r. 
[0 12 3] 
[^4] 



« 4 





T i 


N b 


T a 


W 


P r (jnC/cn 2 ) 


1 9 


1 7 


1 8 


1 9 


E c (kV/cm) 


7 7 


9 5 


8 8 


8 2 




1.00E+14 


1.00E+12 


1.00E+12 


1.00E+14 



Z r 


M o 


F & 


C o 


C r 


1 8 


1 9 


1 9 


2 0 


1 9 


8 1 


L 79 


8 0 


7 5 


7 5 


1 E — 1 4 


1.00E+13 


1.00E+13 


1.00E+14 


1.00E+13 



[0124] 
[0125] 

(CeO) !t (S r 2 C 3 O 10 ) 2 " 

[0 12 6] cD^SitSfC&^T, C1M h^TcSff^- 
Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 

fw*rffoT»e>jifcc«i4«4 5° (K^fciaisicofsasm 



[ft2 3] 



fclSI^WP r 
[0127] 
1^5] 



- (ft 2 3) 

Ec, ##ii*@»Sr*5lc*r. 



40 



50 



- 2 4 5 5 2 5 

26 



Ctf-f K 


T i 


N b 


T a 


W 


P r (mC/cbi 2 ) 


1 8 


1 6 


1 8 


1 9 


E c ( k V/ca) 


8 5 


9 5 


9 0 


9 8 




l.OOE+13 


1.00E+12 


l.OOE+12 


l.OOE+12 



Z r 


M o 


F e 


C o 


C r 


1 8 


1 9 


2 0 


1 8 


1 9 


8 0 


10 0 


8 0 


7 8 


8 2 


1 E — 1 2 


l.OOE+12 


l.OOE+13 


1.00E+14 


l.OOE+13 



(14) 

25 

a s 



[0 12 8] £ib(C, 
[0 12 9] 

(AO) J+ (B S C 3 0 10 ) ! " 

[0 13 0] W^^SiiiSlcio^-C, At-f h£T 1 , 
Hg, Y, Ce, Pr, Nd, Pm, Eu, Gd, T 
b, Dy, Ho, Er, Tm, Yb, L u 5tM<K 0 \ 
■f4xA>ia< Bt-f h?:B i, Pb, Ca, Sr, Ba 
7G*fl»fe>i54>ft< bi> 1«W±, C1M h&T i , N 
b, Ta, W, Mo, Fe, Co, Cr, Z r 5ci&75»lb 20 

(A 0) 2+ (B 2 C 3 0 10 ) 2 ~ 

[0 1 3 3] Wffc^WitStlCjot^-C, At^f h^La, 
SmTclgro^^V-f^^lW, BtY r-SrB i , Ca, 
Sr, B & 7tm^h^'P^< t h Ct-f h 

£• T i , Nb, Ta, W, Mo, Fe, Co, Cr, Z, 

^Tt>. trntmrnvftrnzftix, Pr = i6~i9 

(P b 0) 2+ (B 2 C 3 Oio) 2- 

[0 1 3 6] ro-fk^fllig^lcfc^-Cs r-SrC a, 30 

sr, b &jtmfr<bt£Z>'i?te< 1 1 1 mu±, Ct^h 

SrTi, Nb, Ta, W, Mo, Fe, Co, Cr, Z 
r?5Sil/i>e> it $rfflv»fc»£-K*i 
l/^Tt, ±iEiIWlH|co^K$rtToT, Pr = 16-20 
n C/cm 2 fcitfE c = 7 0~ 1 0 0 k V/cnu 

(AO) !+ (BiC 2 0 7 ) :! "«, 
(A 0) a+ (B 3 C40, 3 > 2 ~S. 
(AO) a+ (8 4 C 5 Oi 6 ) S -S 



[ft2 4] 

••• (ft24] 

Et^Wf^SiSrffoT. Pr = 16-2 0nC/c 2 
fc'iOtEc = 70~100k V/cm N *#ii^(Hj^ 1 

[0131] Sfc, 
[0 13 2] 
[ft 2 5 ] 

- (ft 2 5) 

H C/cm 2 tSit/E c=70~100k V/cnk 

[0 13 4] 
[0 13 5] 
[ft 2 6 ] 

- (ft 2 6) 

^Slft^l 0 12 t-^-KJ:OJ!Blt#lfft:1»5:i 

[0 13 7] £fc. 
[0138] 
[ft 2 7] 

- (ft 2 7 ) 



[01 39] nit^mm.&z.Wi'&^m^xh. ad-j *o 

h. B1M h, C-th-T M-±iSt|lW7)7ciH£ffl^TP 
'SlOffcSi&ffs.tf, Pr = 16-2 0nC/cffl ! iiit/ 
Ec = 70~100k V/cm. StiA^lHliC^ 10 l! * 

[0140] #;fe\ m 1 Ktt ( c ) gl »fc 

t>, iiicOiiO. (a) ( 1 0 0) Sfctt (0 1 0) ge 

(B i2- x A x 0 2 ) 2+ (B 2 C 3 Oio) 2 

[0143] (nit^m^ti^tezimm&mmcDmik 
mmzm 2 r coft^ffligscr*, a = s b 75*. so 



ftiDWig-tt (c) (Cfct^TP r jJSiftl . lfgffflfl, (b) 
(110) iS[6l<7>J§-£J2 ( c ) ICfcfc^T" Prffll.O 
5{gii*D, (d) (0 0 1) g£faOi§-gil (c) !Ctfc-< 
T P r 1 . 1 f£i#*P Lfc5MI«fWf *r»5 

[0141] (mm<nmm 2 ) 2WswK{e/H 

[0 14 2] 
[ft 2 8] 

- (ft 2 8 ) 

B = Sr5c9g, C = Ta7Clil, x=0.4 W^tHI 



(15) 



9-245525 



27 



28 



swf±ic, &mm#nm&Bi&i-5tzit>^ bi, s 

b, Sr, T a Tt^n^mr jVzi^i/ Kigf&Sr 1 5 0 0 
rpm T-3 0 s ^fV=- r- Lfc. t^f, 1 5 0tt'5 
min $ ^(-^^Sfclt^^. ^mfrit^O 

^B B B {b?aS5 8 Ot;J: 9fg;VMfiS3 5 Or~550t;(7)® 
1T-1 0-3 Omin Bii^aSrtf ofc„ «_k<75g!f££ 1 

(B i i. a S bo. 40 2 ) 2+ ( S r 2 T a 3 Oio) 2 



t-f^'/l'tLr, f--r^/l-£2~5(5]|£!i9ig-f - iff 
^2 5 0 0AwfIfEft^fll£ fl^Lfc,, tLTMl:5 
8 0°C~ 6 5 0t;wflDj?ft£-f 5 d t X'^m*^ 
[0 14 4] 
Ift2 9] 



") 



({1:2 9) 



[0 14 5] fcfcfc. r<75?Siim^»Kroiaf6ltt{±, X 
^(HlSf (D^m cW4 5° ffi^fciHtSl Cfc 5 r ir itftfr 
ofc„ ^fc, (105) SWlHltfff-^Srffi^fc^-^ 

7 -< *=LTmi££ 9 oyoffcsiiw 

m^n&mft^ (Pr) *3<k^m^ (ec) &s?ut* 

Si]^Lfci:^5, W-?Ji18mC/cd ! fc-it>'9 0k 
V/cm<75fif4-^L.fc 0 2 8 0 k V/cmWH/E^S 

■CP r©«Ht*{kfi»ft b tlttfrvlz (*6) „ ifc, 
B i f--T r-^OA7tPilC9g&4£0 < x < 2 tfOffifflCig 

ffcSHtfcit^-C'b. ±lEif§]«0>#8&-etT*:tf, Pr = 
1 8~1 9 /x C/cm 2 fc±U f Ec = 90~100kV/ 

cm. *#i£*l3#;4Sl 0" jf— ^-©MtfMMfcK-?** 



20 



[0 14 6] **S. Z(0<t9t-LTt#P>HfcTa5mffiO 
Ru, RuO, SrRu0 3 14. 3, * U V^feco 
*IBia*I*^-5wiKJ:oT, HCSrRuO) 
aiJiB|6]£ltSC:fcasT-#3. cooiSfi LfcESrfiJffl-f 

(c«fc @5<^LfcJ: (a) (100) ittt 

(OlO)IEft, (b) (110) Eft, (c) ctt#4 
5° «V*fcEK0S:**5wi:!»-C#*. ia^SiPr, 
E cOgi^tt, BSfS]g7 0%-Cttl^t-ai (a) (10 
0) £fcti (0 10) lEftX-P r = l 7~20fi C/cm 
2 , Ec=70~90 kV/cm, (b) (110) Eft 
T* P r = 1 5 ~ 1 8 h C/cm 2 , Ec=60~90kV 
/cm, (c) cttriM 5° {SV>fciE(PlT*P r = 1 3~ 1 
6^ C/cm 2 , E c = 6 0~9 0 k V/cmX*S>ofc 0 

[0147] 

[ft3 0] 



(B i 2 - x S b x Oa) ( S r 2C 3O ia) 

[0 14 8] (Dit^mmA^tS^X . Ct--f »**6l^i". 
Ti, Nb,W, Mo, Fe, Co, Cr, ZrO)*i [0149] 

ft^xnbftltftffiWm+nV r , Ec, #£&^[§] 

£ 6 



(4b 3 0) 



C+>-f h 


T i 


N b 


T a 


W 


P r (mC/co 2 ) 


1 9 


1 6 


1 8 


1 9 


Ec (k V/cm) 


8 5 


1 0 0 


9 0 


8 5 




l.OOE+14 


1.Q0E+13 


l.OOE+14 


l.OOE+14 



Z r 


M 0 


F s 


C 0 


C r 


1 8 


1 9 


2 0 


2 0 


2 0 


8 0 


8 5 


7 5 


7 0 


7 5 


1.00E-14 


l.OOE+14 


l.OOE+14 


l.OOE+14 


l.OOE+14 



40 



[0150] *fc, 
[0151] 



[ft 3 1 ] 



0 2 ) 2+ ( S r 2 C 3 O 10 ) 2 ~ 



( B ij-xSb 

[0152] (Dit^mm^cts^x . cim hcDTtmz 

Ti, Nb, Ta,W, Mo, Fe, Co. Cr, Z r 

tiB^Tfe, JbEtW«»ff«*rtT*.tf, Pr = i6~ 
2 0^ C/cm 2 fc±VE c = 7 0~ 1 00k V/cm, S 
(B i 2 

[0155] <ofb^fltits;ic±5v>r, c-tf^r hw^iii^ 



H 9x0 2 ) 2+ ( S r 2 C 3 0 10 ) 2 



50 



- (ft31) 

[0 15 3] 
[0 15 4] 
[ft 3 2] 

- (ft 3 2 ) 

Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 



¥fffl¥9~ 2 4 5 5 2 5 

30 



c-y-f i- 


T i 


N b 


T a 


W 


P r (/xC/cn 2 ) 


1 8 


1 7 


1 8 


2 0 


E c ( k V/cn) 


8 0 


10 0 


10 0 


8 5 




L00E+13 


1.Q0E+13 


1.00E+14 


1.00E+13 



Z r 


M o 


F e 


C o 


C r 


1 8 


1 9 


2 0 


2 0 


2 0 


8 5 


9 0 


7 4 


7 0 


7 2 


1 E — 1 4 


1.00E+14 


1.0QE+14 


1.00E+14 


1.00E+14 



(16) 



ro?*>^fft/4>£rfflV>fc4§£{c:fcV*Tt>, ±E£|5j«cro [0156] 
flMHfctToT»&ftfc»tt*f*:sirF-a>P r , Ec, S# [^7] 

* 7 



Hk3 3] 
2+ (S r a C 3 0 10 ) 2 " 



20 



[0 15 7] 
[0 15 8] 

( B i 2 - x H g x 0 2 ) 

[0 15 9] ©{k^WitSC^Jsv-C, ClM K^TCigSr 
Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 

{CfcV>Tt, ±EfclB«WfWt*:ff*.tf. Pr = 15- 
1 9 u C/cm 2 fcilFE c = 75~100k V/cm, * 

(B ia-xA s x O a ) 2+ (S r 2 C 3 0 

[0 16 2] ^Ifc^fifititlCio^T, C1M r-O^fUS: 
Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 

fHK*fToT#fe;h.fc!M»«(MH l 0>P r. Ec, ## 



- !ft33) 

%&&-®m s i o 13 ^-y-^wmnfcm^-z&z 

[0 16 0] ifc. 
[0161] 
[{k3 4] 
io) 2_ - (ft34) 

[0 16 3] 
[*8] 



* 8 





T i 


N b 


T a 


W 


P r (m C/cm z ) 


1 9 


1 8 


1 8 


2 0 


Ec (k V/c») 


8 0 


9 5 


9 5 


8 5 




1.00E+14 


1.0OE+14 


1.00E+14 


t.QOE+14 



Z r 


M o 


F e 


C o 


C r 


1 7 


1 9 


2 0 


2 0 


2 0 


8 0 


8 5 


7 4 


7 0 


7 0 


1 E — 1 4 


1.00E+14 


1.00E+14 


l.OOE+14 


l.OOE+14 



[0 16 4] *fc. [fk3 5] 

[0165] 40 

(B i 2 - x A s x 0 2 ) 2+ (S r a C 3 0 10 ) 2_ ■•• (<fc3 5) 

[0 16 6] (Dit^m'iM&z&^X , ClM b^m* 0 13 ^— ^-a±W»»«*3S^S:S5 

Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr ~ £ #T't 

a»e>fc5'>tt< 1 1> 2«fit±ott*^'t>**ffli^*& [oi6 7] it, 

»c*5^Tt. ±E£|SItKrof^«S:fTX.«, p r = 17~ [0168] 
2 0/iC/cm 2 fci^E c = 8 0~ 1 0 0 k V/cm, £ [Ik 3 6 ] 

(B i 2-«T I xOj) 2+ ( S rjCaOio)'" - (ft36) 

[0 16 9] COfb^it^fClo^T, C1M r-CD5£3$l£ ^SiSrtT o TiffcttfcSilSmffcSi^ W P r , Ec, S£ 

Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr ii^H^Sr^ 9 t-^-f „ 

«5 tbi^-f ft^SrfflWc^Kfc^Tt,, ±EiH]&W so [0170] 



31 



(17) 



9-245525 

32 



l»9] 



s 9 





T i 


N b 


Ta 


W 


P r (MC/cm 2 ) 


1 8 


1 7 


1 8 


1 9 


E c ( k V/co) 


8 0 


10 0 


9 5 


9 0 




1.00E+14 


l.DOE+U 


l.QOE+14 


l.OOE+14 



Z r 


M a 


F e 


C o 


C r 


1 9 


1 9 


2 0 


1 9 


1 9 


8 0 


8 5 


8 5 


8 0 


8 0 


1 E — 1 4 


l.OOE+14 


l.OOE+13 


l.OOE+14 


l.OOE+14 



[0171] Sfc, 
[0 1 7 2] 



[ft3 7] 



(B i 2 _ x T I X 0 2 ) 2+ (S r 2 C 3 O 10 ) 2 " 



[0 17 3] ©{MM»iSStte*i^-C. CiM KOjc** 
Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Z r 

tfc^Tt, JtEfclBI*0>«st(*fT;ttf, Pr = 16~ 
20(i C/cm 2 i3iO<Ec = 7 5~l 00 k V/crn, § 

{B i2-xA»Oj) 2+ (BjC 3 Oio 

[0 1 7 6] ^fc^it^l-fc^T, AIM h&T 1 , 
Hg, Sb, AsWH^fWli, BiM h£B 

i, Pb, Ca, Sr. Ba, Y, ft±S5cHid»ib&5 

t h llEHl, Ct-f h^Ti, Nb, Ta, 
W, Mo, Fe, Co, Cr, Z r 7C^W;O s P>&-5 / >& 



( B i 2 - x P b x 0 2 ) 2+ (S r 2 C 3 O l0 ) 2 

to 1 7 9] ©fbi£*j6scfc*s^T;. cim vcD^mz ms&z-m 

Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 30 [0180] 
*©fl5«*fToT#&ftfc»f**fl*T-«>P r , E c , 

a 1 0 



- (ft37) 

l O 12 y-K±«)!l«im#*-T-«r*5 

5. 

[0 17 4] $e>(C 
[0 17 5] 
20 [ffc3 8] 

) 2_ - (ft: 3 8) 

COf£Si£fifoT. P r = 1 6~-2 0 ^ C/cm 2 fciVE 
c = 70~100k V/cm, S#i&3MU$b6S 10 l! t- 

[0 17 7] 3=fc, 
[0 17 8] 
[fb3 9] 



- (ft3 9) 

l Olc^-To 



Ctr-< h 


T i 


N b 


T a 


W 


P r(juC/c» 2 ) 


1 7 


1 6 


1 7 


1 8 


E c ( k V/cra) 


9 0 


10 0 


9 5 


1 0 0 




l.OOE+14 


l.OOE+14 


l.OOE+14 


l.OOE+14 



Z r 


M o 


F e 


C o 


C r 


1 8 


1 9 


1 9 


1 8 


1 8 


8 0 


10 0 


8 5 


8 5 


9 0 


1 E - 1 3 


1.00E+H 


1.00E+13 


l.OOE+14 


l.OOE+14 



[0181] St, [it 4 0] 
[0182] 

(B i 2 - x P b x 0 2 ) 2+ (S r 2 C 3 Oio) 2 " - (ft:4 0) 

[0 1 8 3] <Oit¥#H&&lZ.tS\,*X > C1M b(Djt^^ 2 isXVE c = 7 5 ~ 1 0 0 k V/cm, St&JWaJ&riS 

Ti, Nb, Ta, W, Mo, Co, CrMW'M 1 0 12 ^-y-K±ro»S^^#?,Ci^f# 

< t h 2m&>±<?>ffi.?>-'£-t>i£&mi<^itm&izis\,*x hs 5. 

±la«t|B]^ro^ili^fTX.Ii, P r = 1 6-2 0 u C/cm 50 [0 18 4] & ibiC, 



(18) 



4#d¥9 - 2 4 5 5 2 5 



33 



[0 18 5] 



Ut4 1 ] 



(B i 2 - x P b x 0 2 ) 2+ (B 2 C 3 Oio) 



.2- 



34 



(it* 1 ) 



[0 1 8 6] Ote^fltitiSl-fci^T, BNI-5:Bi, 
Pb, Ca, Sr, Ba, Y, *Sr±»7ulff fl* b'SS'J'-ft 
<th ll«±, CiM F?rT i, N b , T a , W, M 
o, Fe, Co, Cr, Z r ff) H^f 1 i, 
i^fci#3iC:fc^-Ct>, ±IEi:ls1^<7?^©Srffo-C, Pr 
= 16~2 0nC/cm 2 fcitfE c = 7 0~ 1 0 0 k V 
(B i 2 - x P b x 0 2 ) 2+ (B 2 C 3 

[0 1 8 9] <D^mm.^^"X, Bt-T h5:Bi, 
Pb, Ca, Sr, Ba, Y, ^±g5ul!f75><b# ; 5 / >& 
< t t ll»±, C« F*Ti, Nb, T a , W, M 
o, Co, C r frtbt£Z'Pt£< ti>2m&.±<nU%-&t> 

T, Pr = 17~20n C/cm 2 fcitfE c = 7 0 ~ 1 



/cm, stii^iHi^c^ i o 12 a— v—&.±<o%mn.frm 

[0187] $ fcK, 
[0188] 
[{b4 2] 

2 " - (ft 4 2 ) 

0 0k V/cm, Stii^lel^S 1 0 12 *-?-&±(n%Z 

[0 19 0] Sfc, 
[0191] 
Ut4 3] 



( B i 2-»A,O s ) 



2+/ 



h (do*) 2 - 

(B i2-«A»Oj) !+ (BiC 2 07rft, 



( B i 2-xA x 0 2 ) 



\2- 



(B3C 4 0 13 ) 2 "^, 



(B i 2 - x A x 0 2 ) 2+ (B<C s Oi 8 )*-£ 



Ufc 4 3 ) 



20 



[0 19 2] ro{b^«ifi*«-»'&^*5''^"C't>. AIM 
K Bt^f h, C-^-T Mc±fBi:^07C^W|l^.-g-t3 
it&ffl^TI^OftaR&fi^fi. Pr = 16~20fiC 
/cm 2 fc±0Ec = 7O~lOOkV/cB, ##£^.[5] 
l 0 13 *-^-«±<©!tra*ft**-«:»5 - t a s t? 

[0 1 9 3] fcti, g6{Cfi (c) cW4 5* H^fc 

_biet75iS <9 . (a) (100) Stlt (0 10) E 
[6]<D*#£-fi (c) (Ctfc^-CP r i>mi . lf&iffllk (b) 
(110) IHfa^-g-fi ( c ) iCtt^T Priilll.O 
5 {%mm. «BPLfc»»*fl£*-T-«:»«w4:!WC# 



^^^■^rogrffiHT'feSo H6(d*3VNT, 6 4TM 
«W±ic 6 1 6 3;&1BI«4S£ 6 2 3£^m#!§ 

^LTV>-5, if, m&nMt&l -C*f^l4Lfc2 0 0 0 A 
©T iNl©/<!)7lSrttfS i OTffiM-hi;. H#a 
CDJ&f® 2 t ^iro^Sflf 2 OOOA(75c$4t55 45 < ' 

[0 19 4] 
[ft4 4] 



(B ii.sSbo. 4 0 2 ) Z+ (S r 2 T a 3 Oio) 2 ) 



( it 4 4 ) 



[0 19 5] &lw, -^^-^-^^ftd 

i 9 ^fsmfrSHH^i^ 0 . 3 u m IcAOILfcf^ glUi 
#*f?ffl^ c P*^-y;? y >-^ffi(-i 0 6 5 0°CWiSg-C 
fJ^2 5 0 0 Aco^ny^*^ h^itW^m+t^b^S 

rRuOi ^mm^mm^mm^MLx 6 1 

mt 6 3»lit L/C ^W#P 5 tT.7t5^m^igT-(7? 
S5g#H (Pr) fcitftftfElf (Ec) 5r^ia-CiSteL 
tzt Z.h. ZtlZ'tl 1 7 n C/cm 2 fc£Vl 0 0 k V/ 
cmWfeSr^L/c, £fc. 2 8 0 k V/cmWHJI^Se$ 
-ttT^'JiSLlHl^SrSteLfci: 1 0 14 (sl^S T" P 

r co^tt^MbfifSfebix^^^o^ Bit-f 

(dp b Tzmnmfe&z o < * < 2 (Dffimx-mt£-£tzt§ 

£-Cfc. ±IE<!:P^(75^fer*tTX.(i. Pr = 18~19 
wC/cm 2 fcit/E c = 9 0~ 1 0 0 k V/cm, 



t5. 

[0196] i:12T-#btVfc*l0 . 3 n m (CiDX 

SlciD 6 5 0t(75r&^-CJ?:^2 5 0 0 Aco^— 5t3?<D 

ismtt^btiR u o^mn»nm<nmim^mLx 6 

til 7yC/cm 2 ioit/1 0 0 k V/cmW{g§r^Lfc 0 

2 8 0 k V/cmWmffi£Ri££-ttT;$<9i&L®& 
$r$iI^Lfci: 15, 1 0 13 1r— f-X'b P r <nmtfi£{t 

[0197] ifc. ±m<n%imw.&mm<oRt> <o (c 

[0198] 
[ik4 5] 
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( B i2-xAx02) J+ (B 2 C30io) 2 "*> 
( B i 2 -»AxO,) 2+ (C, 0«) 2 ~£, 
(B i 2 _ x A x Oa) 2+ (BiC 2 0 7 ) 2 -S, 
(B i 2 _ x A x 0 2 ) z +(B 3 C40is) 2 "*. 

(B i 2 -xA x 02) 2+ (B4C 5 Oi8) 2 "* - (fc4 5) 



[0199] <nit^ffim*.<nmmw.»mmzm<<-tzWr& 
mi tmmnTtmzm'xmmnrFmzftzLtf. p r = 

1 6~2 0 At C/cm 2 ^SitfE c = 7 0~ 1 0 0 k V/ 10 

cm, stii^iaic^ i o 12 tt— f-utn&mw.fcm* 

[0200] ^ts, ±iEroasi«#»K.±, ^fyn- 

0, l4C*LfcJ;5' , i (a) (I0 0)*fc.i(0 1 
0) ieiS], (b) (110) 82ft, (c) cWM5° 
M^fciElS), (d) (0 0 1) iai6]££-ti:3::i;65-C-# 

(NdO ) 2+ ( S r 2 T a 3O10) 2 ") 

[0 2 0 3] £#fc„ 

i 0 ^KHfls:*Biro*§$r 0 . 3 u m KJni Lfctt, mm 20 
#x&m%$>*'<-y* y "9 6 5 0°C(O^mX' 

5 0 0 k<Ds<u7'*J]<{ Ktitigroifttt&ifefc&S 
r R u O3 ^3ft«**»BI«>iSfflltf^»i LTfeffil*ffi t 

tfE c Sr^iat?ffl^L-fctr6, On^fll 9 At C/cm 
(A 0) 2+ (B 2 C 3 Oio) 2 "*. 
( A 0) 2+ {BiC 2 O 7 ) 2 -*, 
( A 0) 2+ (B 3 C 4 Oi3) 2 ~£. 
(AO) 2+ (B 4 C 5 Oia) 2 -^ 

30 

[0 2 0 6] oo{t:^«ias:<o34Hi«fr»«Srffl^fc4&^ 
CL&l^-Cb, AIM h B1M h, CiM HcHigiOJK 
tt2i:W«»3E**fflV^-cn«0#««rtTsLtf. Pr = 
1 6~ 2 0 At C/cm 2 ioXX/E c = 70~l 00k V/ 

cm, ##i£*iHHBws 1 0 12 a— ?-£i±mmnifcm+ 

[0 2 0 7] &:fb\ ±E«0»»«*?»ffl!tt, 

K MlwSSroi* (Wc»ri«UE) 

tl, B5DfLfci54 (a) (10 0) SfclJ (0 1 

0) ffifil, (b) (110)82(6?, (c) c»*4 5° 40 

fS^fcffir&i, (d) (0 0 1) iHf6]££-£5r tas-et 

S 0 (c) c*W*4 5 0 ISWcgcftWli-S-Wx-^tClt 

^T. (a) , (b) , (d) ro^li-eftfiaP r 2}Sjft 

1 . 1 ffittiD, 1*11.05 »ti*P, ^1.1 fgtiAD LfcSS 

[0 2 0 8] (HJgOOJfcfS 4 ) H7»i, *38W.-A»*>5 

tmmz7 5T±fiStg±(C, 6 0 OtfCfln&LftjiSib* 

^y^yy/ftcioff^ioooAropt, au, a 

1, Ni, Cr, Ti, Mo, WCO j hW^tlfrl?) 7 so 



5o (c) cWtJU 5° ffi^rtie^w^wx-^i-tt 

^T, (a).(d) WS^liP r^l . lfgifflO, (b) 
cnm&teP rtmi .0 5 «ifJ0L 

[0 2 0 1 ] ifc, MM<DB1& 1 T'f£$i Lfc 2 0 0 0 A 
<7>T i NJI<7V-<y TJI£"£tfS i ©T«iS±C, HIS 
i:l^«(D^ST-flIJ¥2 0 0 0 A<DclA^4 5° 

[0 2 0 2] 
[ft4 6] 

■•• (<t4 6) 

2 *JJ:t>*7 0 k V/cm<7)ffi^*Lfc 0 £fc, 2 8 0 kV 

5, 1 0 12 lUiScST-P r ©Wtt*<kf±B*&«-lfta»o 

[0 2 0 4] £fc, ±IS«>5Wim<MWII©ft*>9.= 
[0 2 0 5] 
Ht4 7] 



- (It 4 7 ) 

4 5 ccfdSp^une^b^^-y^ y >^&(C<t "311:^1 

OOOAWTiO,, VOx, EuO, Cr02, Mo 
O2, WO2, PhO, O s O, I rO, PtO.Re 

02. RuO2.SnO2 <oo tOk>fia*W7 3*— %m 

<omw&mtty), fti;6 5 o°croasT-^^y^ y > 

VfeiCi t)J¥^ 1 0 0 0A»R e O3 , S r R e O3 . B a 
Re03, LaTiOj, SrVOi, CaCrOj, Sr 
CrOi, SrFe03, Lai-i S r x C o O3 ( 0 

<x<0.5), LaNi03, CaRu03, SrRu 

03, SrTiOs, BaPbO3C0^^b<7Dl/ ^-ftlt>*(D 7 

[0 2 0 9] £P>IC, ^Wt^»5Sl8 (a) <D±S5 

» >-/m^&r) 6 5 otwrag 

ff^l OOOAWReOj, SrReOj, BaReO 
3, LaTiOi, S r VO3 . C a C r O3, SrCr 
O3, SrFeOi, L a i-x S r x C o O3 ( 0 <* < 0 . 
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5),LaNi03, CaRuOi, SrRuOj, SrT 
i Os, B a P b O3C0-5 *>CDV ^-f iX?>>CD 8 2^n^^i 

5 o'ticjjnf&L&tfsib*^?'* y ^vmcxvmfr 1 0 

OOABTiOx , VOx, E uO, C r Oz, Mo 
Oz. WO2, PhO, OsO, I rO, P t O, ReO 
2, R11O2, SnOi CO? h(D\,^i"tlfr<D8 3 Sig 

co^mttK-ft:^, ^LT60 o'Cicinf&LftriSib;*^* 
* y y^Slci Of* 1 0 0 0 Acop t , Au, Al, 

Ni, Cr, Ti, Mo, WCO 0 h<D\,^-f tlt)*D 8 4 & 10 

kfttSS^Sffc^Hi, Pr = 16~20 tf C/cm 2 *> 
.fctfE c=7 0~100k V/cm, Stii^lel^s 1 0 
12 t-^-ainttSrSLt. 
[0 2 10] ilEirf^^W^ffiT-T^miS. &tt 

*fW«t*r»J«Ufc±lc, **Mli*^>5a8 (b) co 

t-g?^^x#ia^ip^/^y^ y 065 OtCD 

0 0 0A©ReO3, SrReOj, BaR 
eOi, LaTiOi, Sr VOj, CaCr03, SrC 20 
1-O3, SrFeOi, Lak Sr,CoOi(0<,<0. 
5), LaNiOj, CaRuOs, SrRuO), SrT 
i O3, B a P b O36O9 h<D\,^1")Xfr(D8 l^vJ^il 
<i h«i&<oiJMM4BMfc;*s. t©±t6 0 0°Clc:Jp»it^ 
ijsfj^^y^ y y^ici of ^1 0 0 0 Aop t , a 

u, Al, Ni, Cr, Ti, Mo, WCO 3 <bCDV >"f 
7)>c0 8 4 &«ro±tt«I«:Jfcj*l,-C N ttRmffsB^-iJSW 
?>*lt„ It^nfc&itmitT-tt. Pr=16~20^ 
C/cm 2 ^ctVE c = 70~l 00k V/cm, S§&* 
leJ^/JS 1 0 13 ^--^-W±(Dtt^^ Lt„ 30 
[0 2 11] S&fc. ±IBtH«ro^jfel?T!fB«fliSr7» 

14, Pt = 16~20ji C/cm 2 *3it>*E c = 7 0~ 1 
00k V/cm, 1 0 12 WJzCOjiS 

£?nLt„ 

[0 2 12] it, *lBro»liU3-C#&n*:«Sr0.3 
y m, f *2 500 Afctai£;ftfc!iSi«i*»lK<Dii}ffl 
iz x fticg&ig^'^^si^^^^-y^ y y^ftcio 6 5 «o 

0t©£Stf^2 5 0 0Ai7)ReO], SrReOj, 
BaReOi, LaT iO], SrV03, CaCrO], 
SrCrOi, SrFeOi, Lak Sr,CoOi(0< 
x<0.5), LaNiOj, CaRuO], SrRuO], 
SrTiOs, B a P b O3CO 0 t,CO(^-f tifrtD^a 7 X 

tmLtZo nhfttz&mnw-m+te, p r = i 6-20 

nC/cm 2 tJiU^E c = 7 0~ 1 0 0 k V/cm, Stii 
*E«*s 1 0 1 2 rf— y-«±rota** Lt. 
[02 13] £ibtc, IIJfe<?5Ji$^3T-t#<btLfc^$rO. so 
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3(im, f * 2 5 0 0 AlcaDl£ftt5£P®i*a?lgC0 

rSHBKc ii*^#iS I P4 5 0iClcJnfiL^dse>^^ 
? ^ y y^iic i Of ^ i o o o A«t i o«, vox, 

EuO, Cr02, M0O2, WO2, PhO, OsO, 
I rO, P t O, Re02, RuOi, S n 02 CD 9 t>(7) 

Lfc. $e>*ifcf*«*«e*?-tt. P r = 1 
6 ~ 2 0 y C/cm 2 Soit/E c = 7 0~ 1 0 OkV/cm, 
1 0 12 ^-W±<OffiSr^Ufco 

[0214] mmmrns) *mw^f>*t>>zmwtem 

5 o^ata»Lft#e>.XA5 5,#y v^ciof^i 0 

0 0 ACO I njOafcfEKL-C, SW>i«S«:#-*-5»» 
«#**«r»fc. »feixfc»Rfl:flc*^f±, P r = 1 7 
M C/cm 2 fciOT c = 1 0 0 k V/cm, St&^HIgC 
7)5 1 0 12 y~W±, fcJZt^nrm^COSifSS 3%CO 

itt^Lt. 

[0215] it, nmnmmi, 2v&btitzT&n 

iD?^L^!45P>^^y^ y v^ffitcj; Of *1 OOOAw 
SnOi, ZnO, ITO(In-Sn-O), ATO 
(SbK-/LtSn) , FTO (F K-^LfcS 
n) , CTO (Cd-Sn-O) CO 5 >- f tlA^COg 

m^ltf^Srf^aiLt. »6*lfcSMt«t**-ftt, Pr = 
16~20n C/cm 2 *Jit?E c = 70~100k V/ 

cm, *#&*isi*as 1 0 12 *—if—&.±, fciararflWE 

COSilS 8 3 %tOi®&7j* Lt„ 
[0 2 16] ££>(c, HSgcO7^ffi3-e?#bnfc*lSr0 . 
3|im , 1*2 5 0 0 AlCfaI$ftfc»»«#»ffltK> 
pSHflJCl, mmtfx&mfS.^ 4 5 OtdAn^LfcriSib*^ 
y y^SlCiOf *2 5 0 0 Aco I njOs, SnO 
2, ZnO, ITO(In-Sn-O), ATO(SbK— 
:/LtSn), F T O ( F K — 7 s Lt S n ) , CTO(Cd 
-Sn-O) <Doh<n^-rtifr<nmWti:m , 8i.&fflt®>$: 

t„ n^titz^mm^m^it, p r = i6~2o^c/ 

cm 2 «iO ! Ec = 7 0~l 00 k V/cm, S#i£*lE]& 
# 1 0 12 ^-^-J^Ji, }o£tf^|I&CDigjlg8 3%<7) 

[0 2 1 7] it, ^fficoffJfii3T-t#6ixfc*S*0 . 3 
Mm . f 5 0 0 AlCjJDl£ftt&^mffc»l£cD£ 
WJ^HIC Si*^x#H«4«4 5 0°ClcjjP»iL/i7)5ib^ 
^y^Uy^SlCi0f*2 5OOAroi niOs, Sn 
O2, ZnO, ITO(In-Sn-O) , ATO (Sb 

K-7"LfcSn) , FTO (FK-ZLfeSn) , CT 

o (Cd-Sn-o) <oih<r>\,^-rtifrn%iwt£mm&. 
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(D^mx-m* 2500 k<nm-icm<nmn,te.mm, * 

mm,fcm*lt, Pr = l 6~20,uC/cm 2 fci^Ec 
= 7 0 ~ 1 0 0 k V/cm, S#ii^lHl^S 1 0 12 ^"-y 

[0218] mrnmm & ) mm<owm i ~ 5 t-<75& 

/L^vg^Jgig, ^^i^^x^SfcJi^-^^ 10 
[0 2 19] *fc, ±1Efcf§I«fc:»«*fc<BfEK*8:i: 

[0 2 2 0] S&K, 3fc*ro®ttl~5^<&3MS*#:* 
IKCOf^SifCfc^T, ^Sg^^Sr-g-A/fc'JE^O . 0 2~1 20 
0- 4 torr <75#ffi^-C\ J*/-?;/ * y V^SHCi D . ffM 
-T5rS.S5 3 0°C7Mb 6 5 0X;<Dffi.mX\ &W%ffl 1 h 
fT 5 r fc T?. IS2 5 00 Ao9MRCfl:WK«r»&. 

[0221] mmmm 1 ~ 5 -comittfHMi 

wft^icfc^-c, ^^/^Sr^/v^:£E^0 . 3~1 0 " t 

orr ©#h«t», ±isa»**atKtisi-*ia*ro«&e 
**fflv^fcu— \fm%mz.xv > 3Bfig-t-5ia«5 3 ot 

7)>b6 5 Ot©«lt?, sSclWIlhfT^i^ Kg: 
2 5 0 0 A©»SI«i*MBt4:#fc. 

[0222] nmoMm'i ~ 5 -?aftis«#$iiK 30 

*fcf±o- h <J ^m<Dlt-&®>&m&IWMt LfcMOCV 
Dj££/f?</^ci§-g-i,, Sf^^f^Sr^fcJE^O. 3~l 
0- 4 torr fi0#fflStT-, JFM1" 5 ?Sfi 5 3 0°C^I^6 5 
Ot<75$&HT\ f&SlBfrfU 2 h 5 n t X\ SHJ52 5 0 0 
Aa>5fiR«»»IBI&#fc. 

[0 2 2 3] ±!EcD U-lfj^fffifcitfMOC V 

DjfetC&^Tii. IgLfcif (t/y, ECRSfcfi 
■^'f ^ nJg7*7X-7) &Sk,tzB.tlO . 3 ~ 1 0- 4 torr 
<0#ffl^-C\ Mt5Sg5 0 0°C?}>6 6 2 0°C»®ffl 40 
T\ l£m&fffl 1 ~ 2 h fr 0 Z. t X\ II2 5 0 0A©a 

[0224] £<bic, mmmm 1 ~ 5 t-w&jg, m- 
[0225] mmnnmi) H9i±< *56wic*^3 
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(c^-r o £1\ 9 6 V-xgRtJiocg 7 KU"f vSBfcfif 
09 5 S i S:S«lc:fflt\ w*iSrafan»{kLTffltJl2 5 
0A©S i O2 BtSrJKfiKLfc. -a*#-=>^L 
TSffi**(C9 9£bSlSS i Oz BJSrflaKLfc. $ 
>b*Lfc£bSB£C VDiifclCj; OBIJf 4 5 0 0 A<759 8tfy 
* y^^/us i Srff^/iJcU $"blC800lCICJP^L/i^ib 
H^-2 0 0 0 Ac09 7T i Njf<7V*y TJlfcffcgi Lfc„ 
rco±^, Ht£<7?Jgffil~6T-f^l»$nfc±SB^;g, Si 

y — ir/H2, 3fiR«**^<o±««ffi*»e> 
o^JESrPfi^D-r^^ if, PnJD*-[6i(c<H4ro(Sji,>fca@ 
14 "1" »*J!B{-#«;$-e:4ittJ:9»#a*.is, * 
cO(6]t€r«W LT, "0" Sfctt "1" <Offi&.&frj)iX' 

v»B«*et«:*aii-Swfc-c, "o" * 
fcfi "i" &m%ix-$z**:V — feyur-fcSo 
[0226] mmmm 8 ) noit *&9j£*>a> 

Tic^-To i-f, 1 0 6 y— ^a5*JiUtl 0 7 KW > 
U^W-o 1 0 5 S i ^S«(cfflv^ < CixS:*ffiiftftL.T 
SI)¥ 2 5 0 Acos i O2 I!rMLt„ ■5'^^-^?- 
= VirLTSS^^.( C ! o 9CD5S i O2 K«rf^ftU 

tz a t#p>nfccasi5*c vDSia 9^4 5 0 0 

A<E> 1 0 1 OzKy * y **/US i SrflMU $ fblc^g 
Sf-fkLT SI/12 5 0 A (75 1 0 8 S i O2 SUSrffMLTM 
OSg|5h7>v ; ^^$rf^Lrc 0 #P>iX7t**ftMO S 
Si5(C^jytLrc d ri'^^>c?-gl5(C, £1*8 0 O^tC/W^L 
t£frb&&2 0 0 0 A<75 1 0 4 T i NlcO^^yr^Srff 

SiLfco iron;, HJfeco^ffi 1 ~6 xftMZ Hit 1 o 
l ±SB*S, l 0 2 ^i^mfr?*!!, l 0 3 TSRmS7)^6 

y — t/is&'&tzo ftbixtzftmrnft* * y — fe/ni> 

^J£<75ffjffi7 t|f?l«^SL*IHJl±K>ttffi-C#6Hfc^« 
7<^e y— iryUT*fc5o 

[0 2 2 7] Sfc, 11 Hi, ±Mbmm^&w\zfrt> 

ttmnw-t^ty — t/wmffimx-hKi , rfm^m^m 

lC*ftaL^^-^/-«>'^-gBIC > £1*8 0 0tl;JD*iL/i 
ASlbff^ 2 0 0 0 A(75 1 1 4 T i N)f(75/< y TJfSrf^Si 
Lfc±K. Htecoff?Sl ~6T-{fSi^nfc 1 1 l±SRm 
IS, 1 1 2 3£^®{£WflI. 1 1 3 TSfBHffi7J^/i5«it 

[0228] mmmmm 1 . 8 r-t#ibnfc^^^ * 
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{0 2 2 9] *fc, £iS<Off5?j|U, 2tff>HfciM 
&»J&f±, P r roiaS^tiffcS 7 = 3.0~7.5X 
lO-'C/cm 2 KO&m&^L/to 

[0 2 3 0] *fc. *i6ro^l!8 5-c»f,iifcSM/i«ffi 
Sr*-r5^m*^^-H, -sim^coiSSSr^oH e -N 
e u— tf— Sr^a y/*— £ffl^T'*/ujMfc£-£fc3£lcl^ 10 

[0 2 3 3] (jHLy = 2, 3, 4, 5 ) (ZMfc^igiS; 
£ w £ -C-*S a B B *&^(cttEro^:t 4fi**r*jtfcKv*a3l 

fc, z-jicoB i -omzstf^ay**-! \-mm<D%m 
[0234] ^iim^^wfsiffiijidms^^iiLfcT 0 ^ 

[0 2 3 5] ^ fbt- x ±lE»S**f*iR^«:¥*{tftJjL h 
7 V v 1 * * «it*J £ tf*##MO S «jttCffl*.iitf d. £ 

[0236] tub. ffiftflUK&astras?, * * y - 

[Hi] *^0Jw?^mfr?ilIw|S B B B «itllT-fcS o 
[12] *^qfl(7)5ittmfriWSIco|g a a B ^it[lT-fe5>o 

[13] &%W(nmmw.ftm?-%:^i-m^mx'hz a 

[13] [1216] 
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[0 2 3 1 ] 

X^S^S— )§(?) 
[0 2 3 2] 
[<t4 8] 

- (ft48) 

[15] *is^w^i§i;^«iiroi* B s B E(Siw«s:iiT-fc 

[0 6] *«H0Ktttt{Hf?*«'f-NrEB-C*>S. 
[0 7] **W«>T»«ffi<Ort«Bfllfi8**1-WfflBB|-C?*) 

So 

[0 8] *«W(73±««tt«)rtffi«*Sr*-fWfffiB|-efe 

[09] *«w©»R«fl:-?«*y-ft*r*BH-eib 

■5>o 

[0io] **w«siiiMH*> j Ey-«r*f»fasH-e* 

[011] *38W©S*»«W>*'J-*r*-r»BH-C*> 

3 1, 9 1, 10 1, l l l ■•■JblMHI, 3 2, 4 1, 
51, 62, 71, 81, 92, 102, 1 1 2-^1 
QfoWM, 3 3, 9 3, 1 0 3, MZ-T&Wfc. 3 
4, 4 2, 5 2, 7 5-7««S, 6 1 -&fl)J©ffi, 6 
3-3&{W«ffi, 7 2, 8 2---<a^*^ (-fj|<7)igl 
t4S£ft;$3. 7 3, 8 3-*-5E*«)i»«ttlMt«. 7 

4, 8 4-&JS, 9 4, 1 04, 1 1 4-TiN, 9 

5, 105, 115-Si, 9 6, 1 0 6, 1 1 6--V 
-^gfk 9 7, 1 0 7, 1 1 7- h'l"(>M, 9 8-* 
U^UX^^S i, 99, 1 0 8, 1 0 9, 118, 1 
1 9---S i O2 . 10 10, 111 0'"^l| o 
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